High prolificacy due to a gene that has a large effect on 
Introduction
The high ovulation rate of prolific sheep breeds may be due to several genes with small effects (Romanov, Finn) or to major genes (Fee6, Booroola; Fecx, Inverdale) (Davis et ah, 1982 (Davis et ah, ,1991 Piper and Bindon, 1982) . Homozygous Inverdale ewes, but not homozygous Booroola ewes, are sterile (Davis et ah, 1992) . The Beldare breed is a composite developed from stocks that were selected for very large litter size or high ovulation rate (Hanrahan, 1990) . Ewes with unusually high ovulation rates were detected in the Beldare population, and among the descendants of these ewes the repeatability of ovulation rate was very high (Hanrahan, 1990) . This indicated that a major gene like the Booroola gene was segregating, and this was subsequently confirmed by segregation analysis. Recent evidence from interbreeding the descendants of these exceptional ewes has revealed the presence of a recessive gene that causes ovarian hypoplasia. Although this condition is analogous to that associated with the Inverdale gene, the available evidence is not consistent with an X-linked mode of inheritance (Hanrahan, 1997) . It is also evident that there is not full correspondence between the major gene for ovulation rate and the gene responsible for ovarian hypoplasia. Thus, ewes and rams known to be carriers of the gene for ovarian hypoplasia do not always have a high ovulation rate or are classified as non-carriers on the basis of progeny tests, respectively. However, the emergence of ovarian sterility among the descendants of ewes with exceptionally high ovulation rates indicates that there is some interaction between the loci involved in ovulation rate or that these loci are linked. Thus, Beldare sheep represent an original model for the study of the physiological factors that control ovulation rate.
Two main factors control ovulation rate: systemic concentrations of gonadotrophins and intraovarian factors (Webb et ah, 1998) . In Booroola ewes, high gonadotrophin concentrations (McNatty et ah, 1987) together with possible alterations in intraovarian mechanisms (Fry et ah, 1988; Driancourt et ah, 1996) result in the ovulatory follicles of carriers being smaller, with fewer granulosa cells, but with an unaltered ability to produce steroids. In Inverdale ewes, no differences in gonadotrophin concentrations have been observed between non-carrier and heterozygous carrier ewes (Shackell et ah, 1993 
Materials and Methods

Animals
Segregation analysis of ovulation rate data collected in a progeny testing programme using rams descended from Beldare ewes with exceptionally high ovulation rates (Hanrahan, 1990) 
Results
Ovulation rate and number offollicles
The distribution of ovulation rates of the experimental ewes (Expts 1 and 2 pooled) before the study are shown (Fig. 1) . The mean ovulation rate of the carrier group was 5.5 ± 0.6 compared with a mean of 2.3 ± 0.1 for the noncarriers (P < 0.001). Moreover Steroid secretion (Expts 1 and 2 pooled) Least squares means for the oestradiol secretion of ovulatory follicles were 3.7 ± 0.9 and 2.4 ± 0.6 ng ml-1 h_1 for non-carriers and carriers, respectively. Large variation between ewes and among follicles within ewes were detected (Fig. 2) . When the statistical model used for analysis incorporated effects for carrier group and the ewe within group, only the latter was significant (P < 0.001). Mean values of in vitro testosterone production per ewe ranged from 0.4 to 2.7 ng mL1 h_1 for the follicles from noncarriers compared with 0.1 to 1.8 ng ml-1 h_1 for follicles from carriers. Seven of 11 non-carrier ewes had values in the range 0.4-0.7 ng mL1 h_1 and the remainder had values > 0.7 ng mL1 hrI. In the carrier ewes, testosterone production was in the range 0.4-0.7 ng ml-1 h_1 in 6 of 12 animals, < 0.4 ng ml"1 h_1 in four animals and > 0.7 ng mL1 fr1 in one animal. Least squares means for testosterone secretion were 1.9 ± 0.4 and 1.4 ± 0.3ngml_1 h"1 for follicles from non-carriers and carriers, respectively. The (Fig. 3) (Fig. 4a,b) . A total of 138 spots was visualized on the master pattern (Fig. 4c) Quantitative differences between the two groups were found to be significant for three spots (spots 5,8 and 50). Spot 5 had a molecular mass of 76 kDa (pi 5.8) and was reduced in the patterns from non-carriers (129200 ±9800 units in carriers versus 52 700 ±12 300 units in non-carriers; < 0.01), as was spot 8 (60 kDa, pi 5.5; 165 500 ±17400 units in carriers versus 113900 ±8100 units in non-carriers; < 0.05). In contrast, spot 50 (38 kDa, pi 6.8) was more abundant in the patterns from non-carrier ewes (38 300 ± 6500 units versus 69300 ± 12600 units; < 0.05). These spots were not stained by Coomassie blue.
Two-dimensional electrophoretic analysis of secreted proteins. Media from the ovulatory follicles from each ewe were pooled before electrophoresis. Seven carrier ewes and five non-carrier ewes yielded two-dimensional patterns with a quality that was suitable for image analysis. Representative fluorographs from carriers and non-carriers are presented (Fig. 5a,b) . In addition, the master gel and the differences between the groups that were detected by image analysis are shown (Fig. 5c) Donovan and Hanrahan (1993) reported that the timing of periovulatory events in Beldare carriers and non-carriers was similar. Therefore, the intervals between the induction of luteal regression and the onset of oestrus and subsequent interval to the preovulatory LH surge were unaffected by
• der status (Donovan and Hanrahan, 1993; Hanrahan, 1994 
